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Tailored testing (Lora, 1:Y70) can defined as an evaluation

procedure that attemPts to administer a test to an individual

(0
composed only of items of an appropriate level of difficulty and

VD only as many items as are needed for t'ac purpose of the test. Most

currently used napar and nencil tests do not meet these

specifications. fixed set of ita.ns is administered to every

individual regardless of whether the items are too hard or too easy

Fel"; and every person takes every item. Ideally, a 1-ailorod testing

En.
Procedure would select items for each individual from a large item

pool, possibly administering a different set of iteras to each

individual. A preset stoppig rule would terminate a testing

session when enough information ha,:: been gained on an individual,

possibly administering a different number of items to each

individual.

Tailored testing procedures have made their a7oearence mainly

in response to problems with conventional testing situations.

These problems include: inefficient use of examinee tirae, limited

test feedback, improper level of itee, diffi.oulties, administrator

variables, answer sheet e:fects, Gil :e limits and many others.

* Paper presented at the 1974 annual meeting of the American
Educational Research Association.
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Reviews of the lite:lee:ere by Linn, Rock, and Cleary (1969) and

Weiss and Betz (1973) give extensive coverage to these problems so

they will not be discusses' here. ein e tailored testing procedures

generally are untimed, can give immediate feedback, give items of

appropriate difficulty level and solve many other testing problems,

they seem the obvious solution to difficulties in the traditional

test setting. Current research in the area has yielded many

different kinds of tailoring procedures under as many different

names. The purpose of this paper is to present yet another

tailoring procedure along with a computer program for its

implementation. The capabilities and limitations of the Procedure

will be explored.

The model chosen as a basis for the tailored testing pl'ocedure

°resented here is the 2sasch simple logistic model (2asch, 1950) .

This model is thought to be a natural choice for tailored testing

because of its sielplicity, the estimation of the ability parameters

independent of the item parameters, and the estimation of item

parameters independent of the sample. These 'Properties allow items

to be calibrated on variou3 different grouns yielding comparable

results, and then using a different set of calibrated items to

estimate each individual's ability while still yielding ability

estimates on the same scale. The details of the nrocedure will be

presented in section II of this paper.

The actual implementation of the tailored testing employe the

capabilities of a time-sharing computer system. Through the use of

computer terminals test items are administered, and an interactive

computer programs has been written to select items and estimate

ability parameters as the administration is taking place.

BEST COPY AVAILABLE
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iY. Theoretical Ilraria;/ork

The tailored testing 1-)roceture 2resented in this Paper is

based on the Rasch simple locjistic model (Pasch, 1-0). This model

states that the probability that person s will get item i correct

is a function of two parameters: the ability of the person, A
s

,

and the easiness of the item, .!ore secifi^allY

p(x
S1.1

.

( A
s

E. ) sl
1

1 + E.
s 1

X = 0,1,
si

where X = 1 if the item is answero correctly and X = 0 if t'_-,, -.
si si

itemisansweredincorrectlyan
1

from 0 to 00. If A
s
= 0, person s has no ability and obviously the

probability of a correct response will be zero. As A
s

apnroachs

infinity, the probability a correct resronse aonroaches 1.0. If

E. = 0, the probability of a correct resnonse is zern and therefore
1

item i is extremely difficult. As E. annroaches L.7inity, the

probability of a correct response an-9roaches 1.0 and hence the item

is extremely easy.

This model is a special case of the (,(.T1J,r=-.1 three item

parameter logistic :iodel developed by Dirnbaun (1950). The three

parameter model is given b" the following formula

P(x = 11 = c. +
Si

a1. (0 -
3.)

(1
i)e

S

a.
1
(0

s
- h.)

11 + e
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wherecisaguessingpnran.tter,a.io a discrimintion parameter,

bi is a difficulty narameter, and Os is the ability parameter for

individual s. The simple logistic :lociel can be obtained from the
0 b.aboveforraulabysettingE.,anda..1 .0.

From the relationship of the simple logistic model to the

three parameter logistic : model, two of the assumntions of simple

model can easily be determineel. First, the simple logistic model

assumes that the probability of a correct r-_!snonse by guessing is

zero (c. = 0), and second, all of the itecas are assumed to be of

equal discrimination (ai = 1) . Jeither of these assumntions is

actually justified n practice. Multinle choice items are used for

the tailored testing procedure so there is a guessing probability

and unless items are selecteei. very carefully there will be some

variation in item discrimination. however, Ross (1966) has found

that guessing has little effect on the Rasch model and

Panchapakesan (1969) and liambleton (1969) have shown that scwe

variation in the discrimination parameter will not affect the fit

of the model.

Two other assumptions also need to be made when using the

Rasch model. First, the model is based on the assumption that a

unidimensional latent trait i5 being measured and second, the model

assumes local independence (i.e., for any given person, resnonses

to one item in no way affect responses to another item) . These

last two assumptions are relatively easily mot with careful test

construction procedures.

Once the theoretical model had been decided unon an.1 the

assumptions had been evaluated to determine applicability of the

model, the major problem became the actual implementation. !lore
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specifically, estimation nrocedures needed. to be determined for the

Ability and easiness narameters. Se'eral techniques had already

been developed for the esti.letion of the parameters on a paner and

pencil test and these techniques were readily annlicable to the

calibration of items for use with the tailorefl testing nrogram.

The currently available tehniques can be classified into three

categories. First there is the original leaet squares "eyeball"

-leproach that Rasch used in his original presentation of the model

(Rasch, 1960). Second, 3rooks (196L.) used least square regression

techniques to quantify the graphic techniques used by 7asch and

finally, Panchapakesan (1969) developed a maximum likelihood

technique that has been prograezed for use on a computer ( ?right

and Panchapakesan, 1969).

Based on information given in anchapakesan's dissertation

(Panchapakesan, 1969), the maxi: tun likelihood technique seems to

yield superior results and hence was use' for iten calibration in

this study. The actual computer program used for calibration was a

greatly modified version of a program obtained from Jerry Durovic

of the New York State Civil Service Department.

Since the ability parameters of the simple logistic model

needed to be estimated in real time afeter each ite:1 had been

administered to an individual, procedures developed for use with

standard group tests were no longer appropriate. rf.3 an alternative

an algebraic maximum likelihood solution was attemnted, but

solution of the necessary equations required finding the roots of

high order polynomials arid hence the algebraic procedure was

dropped. Instead, a computer prorjram was written that searched the

likelihood function for its maximum. On trial runs, the program
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was found to converge fairly r,:..pidl? on the maximum (annroximately

seven iterations required) and he-:',ce it was reasonable to use the

procedure for real tilTJ esti.'ation of ability. In practice,

operating system --ae lags ire much more noticeable than the time

required to estimate abilitv Parameters.

Along with ability parameter estimation, a proceure was also

needed to determine a loner bound on the ability estimate to be

used for classification purposes. Since the likelihood function

was already being used to estimate ability, the area beneath the

likelihood function was found using numerical integration and the

lower 5% point of this distribution was set as the lov7er bound on

ability. This procedure is equivalent to a Das!esian p )cedure

assuming a rectangular prior with bounds from zero to can^ hundred.

A final theoretical problem required a solution before the

tailored testing procedure could be implemented. That problem was

how the items to be admilistere to an individual were to be

chosen. Lord (1970) presented many possible schemes for item

selection from a fixed stensiza, up and down m2th(W. to variable

scepsize Robbins-unro process. ..7eiss ;.;_!tz (1973) hav2 also

presented an extensive summary of technicnies for item selection.

'`she particular technique chosen for iTaplementation involves

first estimating a person's ability riaram2tar and then picking an

item for administration with easiness narametr greater than or

equal to the reciprocal of the ability parameter. This procedure

results in the selection of an item with a traitional difficulty

index of 53 or easier . If no ability Parameter estimate is

available an item with easiness parameter 1.00 is selected and a

fixed step procedure is ued until both correct and incorrect
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responses have bean obtained. The procedure is discussed in

greater detail in Rackase (1974).

I T. :.ethod

As described in the previous sections, the purpose of this

paper is to present the results of a stuC. into the Practical

application of tailored testing. In this section the actual data

collection procedure will be described, including a description of

the subject sample used. The results ores rated here are based on a

pilot study for a more elaborate evaluation that is currently

being planned. While the sample is small, the data generated give

valuable information concerning usefulness of the tailored

testing model.

The sample used for this study was con:}osod of seventeen Ss

from a graduate-undergraduate measurement course at the University

of Missouri who volunteered to particiate in the experiment. The

Ss ranged from college juniors to 2nd year graduate students and

were approximately evenly divided between males and females.

During the experiment each 3 '.40.3 evaluated on an individual

basis in two ways. When an U arrived for the experi:lental session

he was first administered. a fifty itaa multiple-choice exam on

statistics and measuraAent concepts. The test was administered in

a small room, to minimize interruptions and distractions, without

any time limitations. After completing the Paper and pencil test,

the S was taken to a second room containing an 2741 typewriter

terminal and signed on to an I:371 370/165 computer for the tailored

testing procedure. The program accessed then typed out
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instructions and quizzed the S for his student number and the

subject code for the subject matter area to be tested. The E

stayed with the S until all questions had been answered and it was

clear that the S understood the operation of the terminal. The E

then left the room and the administration became sr2lf-paced. The

testing situation continued until a decision was reached or until

the item pool was depleted. The instructions to the S and a sample

item are shown in Figure 1.

The paper and Pencil test used as a pretest was calibrated on

250 students in an undergraduate measurement coure using the

maximum likelihood program developed by ,fright and Panchapakesan

(1969) described in Section II of this tiaper. The subject matter

area, statistics and measurement concepts, was chosen because the

greatest number of items were available in the tailored testing

item pool in that area. Forty statistics and measurement items had

been stored in the tailored testing data set for use and were

available for this study. The items in the item pool were

calibrated on 250 to 966 students from an undergraduate measurement

c arse over a period of two years. Details of the item storage

format are given in Reckase (1974).

From the two testing situations described above the following

data were gathered on each S including (1) the re score on the

paper and pencil test, (2) the corresponding ability estimate, (3)

the letter grade classification for the subject on the test, (4)

the final ability estimate bael on the tailored testing procedure,

(5) an estimate of the lower limit on the ability estimate, (6) the

letter grade assigned, and (7) the number of items administered by

the tailored testing procedure. These measures were then analyzed
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to answer three questions. First, do the tailored testing

procedure and, the parer and pencil teoc yield comparable ability

estimate: second, do the tailored testing procedure and the paper

and pencil test classify the Ss in the same way as to letter grade:

and third, how many items were needed by the tailored testing

procedure to converge on an ability estimate?

In order to answer the experimental questions the following

statistical procedures were used. To comnare the ability estimates

obtained by the two techniques, both the Pearson Product moment and

the Snearman Rank correlation were connu ted since the scale

properties of the ability scales are unclear. The similarity of

classification was determined using Kendall's T statistic (Siegel,

1956) and the number of items ne2::ied for convergence is shown by

the distribution of the values and summary statistics including the

mean and standard devicttion. These results with the raw data are

presented in the next section.

IV. 7results

The data for the analysis comparin7 the ability estimates

obtained using each of the methods are shown in Table 1 along with

the other measures obtained in the study. The 2earson Product

Moment correlation between the tgo sets of ability estimates is

0.61 and Spearman rank order correlation is 0.73. If the ability

estimates are on a ratio or interval scale, the former value is

more appropriate, if the scale assumptions are not met the rank

order is more annropriate. In order to interpret these

correlations, the reliabilities of each of the procedures is
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required. The KA-20 reliability of the paper and pencil test is

available and is 0.72, but no d:ta is available on the reliability

of the tai]ored testing procedure. Both of the correlation

coeffie.:ient are significent beyond the 0.05 level. Summary

statistics tKe ability estimates including the mean, median and

standard deviation are given in Table 2. There are no significant

differenIts between any of these statistics.

Tba similarity of the grade classifications of the two methods

is sunriarized is the two-way table given in Table 3. A T

statistic showing similarity has Leen computed on this data

yielding a value of 0.37. This statistic is significantly

different from zero beyond the 0.301 level.

The results concerning the nunber of items required to

classify a S into a grade category are shown in Table 4. Given are

a frequency distribution for the number of items needed and the

following descriptive statistics: the mear median, mode, standard

deviation, and range. Pe.om these data it can be seen that the

distribution is highly nositively skewed with a median value of

telve. This should be compared to the tifty items userl on the

paper and pencil test.

V. Discussion

Interpreting the results of this study is somewhat problematic

because it is difficult to decide what results are desireable.

Should the tailored testing procedure ideally yield ability

estimates and grade class!.fication identical to those obtained by

the lass than perfect raper and pencil test or should the ability



estimate be different, reflecting a nerhans "better" tailored

testing procedure? It seems that at the very le7tst there should be

some similarity between the methods since they are trying to do the

same thing; but if the tailored testing nrocedure is more accurate,

the similarity should not be too great in light of 0.72 reliability

of the paper and pencil test.

The correlational data obtained in this study show that the

two methods yield similar results, but that the ability estimates

are far from equal and the grade classifictions are the same for

only two-thirds of the Ss. This leaves oven the possibility that

the tailored testing procedure is an improvement over the

traditional test, but needless to say, several other possibilities

are available to explain the moderate correlations.

First, the item administration nrogram terminates the testing

session once a grade of A has been obtained. This, occurred after

as few as six items had been administered, which is hardly an

adequate number for good estimation. If the administration of

items had been allowed to continue after the assignnent of an A

gade, more accurate estimates would nrobably have been obtained

and the agreement of the estimates with those of the paper and

Pencil test might have been better.

A second source of error in the estizaation of ability is in

the number and quality of its in the item 1-)ool. The item pool

used for this study containe.7. only forty items, some of which were

of poor quality. Recent simulation studies seen to indicate that

about 250 items are required for good estimation. If the item pool

is small, the simulations show that the procedures used in this
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study will tend to overestimate ability. In light of the simulated

results, the forty item pool seams to have done ariazingly well.

Another difficulty related sz.)ecifically to the grading

procedure is the technique for estLaating the lower limit of

ability. The lower 5% point on the likelihood distribution is at

best a rough indication of lower limit. Dayesian procedures based

on various different families of prior distributions are currently

being studied as alternatives.

Although the procedure is beset with the Problems just

described, the end result has for the most part been positive. The

procedure has been shown to work and most of the oroble7As discussed

can be overcome by reprogramming and by increasing the size of the

item pool.

A more positive outcome of this study is the determination of

the number of items required to classify Ss into grade categories.

As is shown in Table 4, the distribution is highly positively

skewed with a median value of twelve items. This is a substantial

reduction from the fifty items in the standard te3t, although

aa,ainistration of the test is slower since each item is typed out

during the testing session. The ti7.1e needed for the administration

of thirty tailored items is about equal to the time needed for the

fifty item paper and pencil test. The use of faster cathod ray

terminals will greatly improve test administration time.

In summary, the tailored testing procedure described in this

naper has been shown to yield similar, but not equival:mt, results

to those of a,conventional test in both the estimation of ability

parameters and the asignment of letter grades. These results are

obtained using substantially fewer it-a:71s than the conventional test
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while administering different items to each individual. Problems

encountered in the operation of the procedure were also discussed

including the size of the item pool, limits on the ability

estimates, and nroblems with the stopning rule. Overall, the

procedure has been shown to be a viable tailored testing method,

worthy of further research and refinement.



Figure 1

TERMINAL TESTING PROCEDURE
YOU WILL BE PRESENTED WITH A SERIES OF TEST ITEIS. RESPOND TO
EACH ITE:1 BY TYPING THE APPROPaIATE LETTER AND PRESSIN THE
RETURN KEY. ITE'IS WILL BE PRESENTED UNTIL A CLEAR DECISION
IS REACHED CONCERNING WHETHER YOU ARE ABOVE OR BELOE, A C GRADE.
IF YOU WISH TO CONTINUE on FOR A HIGITCR GRADE, INSTRUCTIONS
WILL BE GIVEN AT THAT POINT, IF AT ANY TI: LE YOU 7ISH TO STOP
BEFORE A DECISION HAS BEEN :JADE, TYPE THE -7.ORD STOP AETER
YOUR LETTER RESPONSE AND PRESS THE RETURN IEEY.

PLEASE TYPE YOUR STUDENT NMIBER AND PRESS THE RETUR71 NEY
-IF YOUR STUDENT NTIIDER CONTAINS ONLY 5 DIGITS
START IT WITH A LEADING ZEPC TO MARE SIX DIGITS

100000
INPUT: ID = 100000
TYPE THE CODE CORRESPONDING TO THE AREA YOU ARE TO BE TESTED ON

SM FOP. STATISTICS ',14D LEASURIIIENT
ET FOR cLAss20T4 EVALUATION TECHNIQUES
ST FOR STANDARDIZED TESTS

AFTER TYPING THE PROPER CODE, PRESS THE RETUT:::7 KEY
sm
INPUT: TEST CODE =

1

A PSYCHOLOGIST WHO WANTS A =SURE OP THE EXTENT TO 'THICH
SCORES IN A GROUP VARY .TIGHT C')ACEIVABLY CHOOSE ANY ONE OP
FOLLOWING EXCEPT

(A) THE RANGE.
(3) THE VARIANCE.
(C) TH7 STANDARD DEVIATION.
(D) THE ;I:;DIALI.

TYPE RESPONSE LETTER AND PRESS aETURN

d
CORRECT
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Table 2

Sunriary Statistics

or. Ability estimates

Paper and Pencil

Test

Tailored

Test

Mean 12.62 11.99

Median 6.330 11.516

Standard 13.00 10.55Deviation

Reliability
KR-20 0.72

Correlation

Pearson
Product
Moment

Spearman p

p <0.05
P <0.01

0.61*

0.73**

- - -



Table 3

Timilarity of Grade Classification

Paper and

Pencil

Classification

* * *

A

B

C

D

A

7ailored Test Classification

C

8 1 1 0

2 0 1 0

,-.
o 0 2 1

o 0 0 1

Kendall's T = 0.57***

<0.001



Table

Summary of the Number of Items Required

for Tailored Testing Procedure

Frequency Distribution

Number of Items Frequency

Required

1 - 5

6 - lu 8

11 - 15 3

16 - 20 1

21 - 25 1

26 - 30 2

31 - 35 1

3G - 40 1

N = 17

Mean = 15.59

Median = 12.00

Mode = 6.00

Standard = 10.14
Deviation

Range = 6-39
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